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7KHNLQHWLFPRGHOFDQEHDSSOLHGWRWKHVLPXODWLRQPRGHORIWKHPLFURFKDQQHOUHDFWRUIRUDOOFDVHV7KHWKUHH±
GLPHQVLRQDOVLPXODWLRQPRGHOZDVFRQGXFWHGLQDVWHDG\VWDWHPRGH7KHV\VWHPFRPSRVHVRIUHDFWLRQFKDQQHOZLWK
 P RI ZDOO FRDWHG FDWDO\VW 7KH FRPPHUFLDO FRPSXWDWLRQDO IOXLG G\QDPLF &)' SDFNDJH &2062/
0XOWLSK\VLFVDZDVXVHGIRU WKHVLPXODWLRQ7KHPRPHQWXPHTXDWLRQVZHUHVROYHG WRVWXG\ LQIOXHQFHRI IOXLG
K\GURG\QDPLFV7KHV\QJDVPROHUDWLR+&21XVHGLQWKLVVWXG\ZDV7KHWKUHH±GLPHQVLRQDOVLPXODWLRQ
ZDVFRQGXFWHGDWVWHDG\VWDWHEDVHGRQWKHFRQGLWLRQVRI.DQGDWPZLWKDVSDFHWLPHRI±
JFDWÂPLQ1ÂFPDQGFDWDO\VWGHQVLW\RIJFDWP>@
2.1. Base Case Model 
,QJHQHUDOUHVLGHQFHWLPHGLVWULEXWLRQ57'LVGLUHFWO\DIIHFWHGE\DVSHFWUDWLRFKDQQHOKHLJKWFKDQQHOZLGWK
RIWKHPLFURFKDQQHO$XELQHWDOVXJJHVWHGWKDWWKHPLFURFKDQQHOVKRXOGEHGHVLJQHGZLWKORZDVSHFWUDWLRLQRUGHU
WRPLQLPL]HWKH57'>@%XUQVDQG5DPVKDZVXJJHVWHGWKDWQDUURZFKDQQHOFRXOGSURYLGHEHWWHUSHUIRUPDQFHLQ
WHUPRI ORZHUGLIIXVLRQSDWK OHQJWK >@+HQFH WRVWXG\ WKHHIIHFWRIDVSHFW UDWLRRQ)76UHDFWLRQSHUIRUPDQFH
PLFURFKDQQHOZLWKXSSHUOLPLWRIPPîPPFURVVVHFWLRQDODUHDZLWKWKHDVSHFWUDWLRRIZDVVHWDVWKH
EDVHFDVHPRGHODVVKRZHGLQ)LJ







)LJ%DVHFDVHPRGHORIDVTXDUHPLFURFKDQQHOFDVH$DIURQWYLHZERYHUDOOYLHZ
7RLQYHVWLJDWHHIIHFWRIFKDQQHOJHRPHWU\RQUHDFWLRQSHUIRUPDQFHEDVHFDVHPRGHORIWKHPLFURFKDQQHOZDVVHW
DFFRUGLQJWR$OPHLGDHWDO>@7KHGLPHQVLRQRIVTXDUHFURVVVHFWLRQFKDQQHOZDVPPîPPZLWKWKH
PP
P
 PP
,QOHW
2XWOHW
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OHQJWKRIPP7KH FKDQQHO VKDSHDQG VL]HZHUH IRFXVHG LQ WKLVZRUN VWUXFWXUDOPLFURFKDQQHORIGLIIHUHQW
FDVHVFDQEHVKRZQLQ7DEOH6WUXFWXUDOSDUDPHWHUVRIWKHPLFURFKDQQHORIGLIIHUHQWFDVHV
7DEOH6WUXFWXUDOSDUDPHWHUVRIWKHPLFURFKDQQHORIGLIIHUHQWZLGWKDQGKHLJKWUDWLRV
&DVHV :PPî+PP $VSHFWUDWLR /PP
$ î  
% î  
& î  
' î  
( î  
) î  
* î  
2.2. Effect of aspect ratio on FTS reaction performance 
$IHZLQYHVWLJDWLRQVRQWKHHIIHFWRIDVSHFWUDWLRRQ57'DQG5H\QROGVQXPEHU5HKDYHEHHQSURSRVHG>
@7KHODFNRILQYHVWLJDWLRQDERXWWKHHIIHFWRIDVSHFWUDWLRRQDSDUWLFXODUUHDFWLRQSHUIRUPDQFHZDVQRWLFHDEOH,Q
WKLV VHFWLRQ GLIIHUHQW UDWLRV RI FKDQQHO KHLJKW DQGZLGWK UHVXOWLQJ LQ GLIIHUHQW VKDSHV RI WKHPLFURFKDQQHOVZHUH
IRFXVHG$VWKH)76RSHUDWLRQLQPLFURFKDQQHOUHDFWRUZDVLQWKHODPLQDUIORZVFKHPHZLWKWKH5H\QROGVQXPEHU
DSSUR[LPDWHO\ORZHUWKDQ LWFDQEHDQWLFLSDWHGWKDWZLWK WKLQQHUIORZFKDQQHO5H\QROGVQXPEHUPD\LQFUHDVH
GXH WR UHGXFWLRQ RI FKDQQHO K\GUDXOLF GLDPHWHU 7KH UHVXOWLQJ VKDSH DQG VWUXFWXUDO SDUDPHWHU RI WKH FKDQQHO DUH
VXPPDUL]HGLQ)LJDQG7DEOHUHVSHFWLYHO\3HULPHWHUDQGOHQJWKRIWKHFKDQQHOVRIHDFKFDVHZHUHIL[HGWRNHHS
FDWDO\VWORDGLQJRIPJFRQVWDQWIRUHYHU\FDVH





)LJ6NHWFKRIPLFURFKDQQHOZLWKGLIIHUHQWFKDQQHOZLGWKDQGOHQJWKDFDVH$EFDVH%FFDVH&GFDVH'
2.3. Effect of crossectional area on FTS reaction 
)RU LQGXVWULDODSSOLFDWLRQRIPLFURVWUXFWXUHG UHDFWRU VFDOHXS LVRIWHQFRQVLGHUHG LQPLFURVFDOHDQG LQFUHDVLQJ
FDSDFLW\ E\ QXPEHULQJ XS 7KHUHE\ D ODUJH QXPEHU RI VPDOO FKDQQHOV PD\ EH UHTXLUHG $GMXVWLQJ VL]H RI WKH
PLFURFKDQQHOZRXOGEHDQDOWHUQDWLYHDSSURDFKLILWEHQHILWVWKHGHVLJQDQGFKDUDFWHULVWLFVRIVPDOOVFDOHRSHUDWLRQ
FDQEHSUHVHUYHG,QRUGHUWRVWXG\WKHHIIHFWRIPLFURFKDQQHOVL]HDVSHFWUDWLRZDVIL[HGWRHOLPLQDWHWKHHIIHFWRI
DIRUHPHQWLRQHG SDUDPHWHUV &RQVHTXHQWO\ FKDQQHO OHQJWK RI PLFURFKDQQHO ZHUH FKDQJHG WR PDLQWDLQ FDWDO\VW
ORDGLQJ7KHVWUXFWXUDOSDUDPHWHUVDUHVKRZQLQ)LJDQG7DEOH,QWKLVVHFWLRQVSDFHWLPHDQGFDWDO\VWGHQVLW\
ZHUHIL[HGDW±JFDW÷PLQ1÷FPDQGJFDWPUHVSHFWLYHO\>@
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

PP
PP PP
PPPP
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)LJ6NHWFKRIPLFURFKDQQHOZLWKGLIIHUHQWSHULPHWHUDFDVH(EFDVH$FFDVH)GFDVH*
2.4. Effect of channel length on FTS reaction performance 
7RREWDLQRSWLPDOOHQJWKRIDSDUWLFXODUSHULPHWHUFDVH$()DQG*WKHHIIHFWRIFKDQQHOOHQJWKZDVVWXGLHG
7KHVLPXODWLRQPRGHORIPLFURFKDQQHOZDVVHWZLWKFRQVWDQWDVSHFWUDWLRVSDFHWLPHDQGFDWDO\VWGHQVLW\RI
±JFDW÷PLQ1÷FPDQGJFDWPUHVSHFWLYHO\,Q WKLVVHFWLRQSHULPHWHUDQGFKDQQHO OHQJWKZHUH
GHILQHGWRLQYHVWLJDWHSHUIRUPDQFHRIWKHPLFURFKDQQHORQ)76
5HVXOWVDQGGLVFXVVLRQ
3.1. Influence of height and width ratio 
)RU WKHEDVHFDVHPRGHOREWDLQHG&2FRQYHUVLRQZHUHDQGDWVSDFH WLPHRI
DQGJFDW÷PLQ1÷FPUHVSHFWLYHO\7KHVHUHVXOWVDUH LQJRRGDJUHHPHQWZLWK$OPHLGDHWDOVKRZLQJ
&2FRQYHUVLRQDWDVSDFHWLPHRIJFDW÷PLQ1÷FP>@7KXVWKHEDVHFDVHPRGHOZDVVDWLVILHG)LJ
VKRZVUHVXOWVIURPYDU\LQJVSDFHWLPHLQUDQJHRI±JFDW÷PLQ1÷FPLQGLFDWLQJWKDWWKHORZHUDVSHFW
UDWLRWKHKLJKHU&2FRQYHUVLRQDWHYHU\VSDFHWLPH7KHFKDQJHRIKHLJKWDQGZLGWKUDWLRPLJKWDIIHFWGLIIXVLRQWLPH
RIWKHUHDFWDQWVIURPEXONSKDVHLQWRFDWDO\WLFFRDWHGZDOO'LIIXVLRQWLPHĲ'RIWKHUHDFWDQWVFDQEHFDOFXODWHGE\
XVLQJHTXDWLRQ>@7KHREWDLQHGGLIIXVLRQWLPHIRUDOOFDVHVFRXOGEHUDQNHGDVFDVH$!FDVH%!FDVH&!FDVH
'7KXVWKHUHDFWDQWVPLJKWEHIDVWHUWRDFFHVVWRWKHFDWDO\WLFVXUIDFH6XEVHTXHQWO\FDVH'JDYHWKHKLJKHVW&2
FRQYHUVLRQFRPSDUHGWRRWKHUFDVHVVKRZLQJDQGKLJKHUWKDQWKDWRIFDVH$DWVSDFHWLPHRI
DQGJFDW÷PLQ1÷FPUHVSHFWLYHO\,WFRXOGEHFRQFOXGHGWKDWVKDOORZFKDQQHOSRVVLEO\DFKLHYH
HIIHFWLYH GLIIXVLRQ LQ PLFURFKDQQHO 0RUHRYHU UHGXFLQJ DVSHFW UDWLR RI PLFURFKDQQHO DOVR DIIHFWV WR 5H\QROGV
QXPEHUDQGSUHVVXUHGURSDORQJWKHFKDQQHO7KH5HFDQEHFDOFXODWHGE\HTXDWLRQ>@)URP7DEOHWKHEDVH
FDVH UHYHDOHG PXFK ORZHU 5H DQG ¨3 FRPSDUHG WR FDVH ' +RZHYHU 5H DQG ¨3 RI DOO FDVHV DUH LQ YHU\ ORZ
PDJQLWXGH
+&2

' '
G W         
P
U GY5H         
:KHUH GLIIXVLRQ FRHIILFLHQW RI &2 DQG +  +&2'  DW )76 UHDFWLRQ FRQGLWLRQV LV î
 PV G LV
K\GUDXOLF GLDPHWHU RI WKH PLFURFKDQQHO ȡ LV GHQVLW\ RI JDV PL[WXUH NJP DQG  LV YLVFRVLW\ RI JDV PL[WXUH
NJPÂV

PP
PP
PP
PP
PP
 PP
PP
PP
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)LJ(IIHFWRIFKDQQHODVSHFWUDWLRRQ&2FRQYHUVLRQ


7DEOH5H\QROGVQXPEHUDQGSUHVVXUHGURSRIPLFURFKDQQHODWVSDFHWLPHRIJFDWÂPLQ1ÂFP
&DVHV $ % & '
5H    
¨33D    
3.2. Influence of crossectional area 
$FFRUGLQJWRWKHEDVHFDVHVTXDUHFKDQQHORIPPîPPWKHFRPSDUDWLYHVWXG\RIFURVVVHFWLRQDO
DUHDZDVLQYHVWLJDWHGLQWKLVVHFWLRQ$VPHQWLRQHGDERYHFRQVWDQWDVSHFWUDWLRDQGFDWDO\VWORDGLQJRIWKHFKDQQHO
OHDGV WR GLIIHUHQW FKDQQHO OHQJWK ,Q WKLV SDUWLFXODU VWXG\ZKHQ FKDQJLQJ WKHZLGWK DQGKHLJKW RI D VTXDUH IORZ
FKDQQHOWKHFKDQQHOOHQJWKZRXOGEHFKDQJHGDFFRUGLQJO\DVFDWDO\VWZHLJKWZDVNHSWFRQVWDQW7KHUHIRUHWKHIORZ
FKDQQHOJDYHWKHVKRUWHUFKDQQHO OHQJWKDQGYLFHYHUVD7KHVLPXODWLRQUHVXOWV LOOXVWUDWHV WKDW&2FRQYHUVLRQZDV
DIIHFWHG E\ FKDQJH RI FURVVVHFWLRQDO DUHD 7KH KLJKHVW &2 FRQYHUVLRQ ZDV REWDLQHG IURP WKH FKDQQHO ZLWK D
VPDOOHVWFURVVVHFWLRQDODUHDRIPPîPPFDVH*DWHYHU\VSDFHWLPHDVVKRZQLQ)LJ7KHELJJHVW
IORZ FKDQQHO JDYH &2 FRQYHUVLRQ ORZHU WKDQ WKDW RI WKH EDVH FDVH RYHU  DW D VSDFH WLPH RI 
JFDW÷PLQ1÷FP7KLVPLJKWEHDUHVXOWIURPLQFUHDVLQJFURVVVHFWLRQDODUHDLQFUHDVHVGLIIXVLRQWLPHRIWKHUHDFWDQWV
IURP EXON IORZ WR FDWDO\WLF VXUIDFH 7DEOH  SUHVHQWHG WKH UHVXOW IURP WKH HIIHFW RI FURVVVHFWLRQDO DUHD RI IORZ
FKDQQHOV RQ 5H DQG ¨3 7KH UHVXOWV DOVR VKRZHG WKDW WKH VPDOOHVW IORZ FKDQQHO DQG ORQJHVW FKDQQHO FDVH *
H[KLELWHGWKHKLJKHVW5HDQG¨30RUHRYHUWKHREWDLQHG¨3IURPFDVH*ZDVDSSUR[LPDWHO\WLPHVKLJKHUWKDQ
WKDWRIWKHEDVHFDVH
7DEOH5H\QROGVQXPEHUDQGSUHVVXUHGURSRIPLFURFKDQQHODWVSDFHWLPHJFDWÂPLQ1ÂFP
&DVHV $ ( ) *
5H    
¨33D    

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)LJ(IIHFWRIFURVVVHFWLRQDODUHDRIVTXDUHIORZFKDQQHORQ&2FRQYHUVLRQ
3.3. Minimum length of microchannel 
)ROORZLQJWKHVWXG\IURPWKHSUHYLRXVSDUWZKHUHWKHIORZFKDQQHOFURVVVHFWLRQDODUHDZDVYDULHGIURPPP
îPPWRPPîPP7KLVVHFWLRQIRFXVHGRQLQYHVWLJDWLRQRIWKHPLQLPXPFKDQQHOOHQJWKDQGWKH
VLPXODWLRQ ZDV FRQGXFWHG IURP YDU\LQJ VSDFH WLPH LQ D UDQJH RI  ±  JFDWÂPLQ1ÂFP ,Q WKLV FDVH
FKDQQHOOHQJWKIRUHDFKFURVVVHFWLRQDODUHDZDVLQFUHDVHGWRPPDQGWKHFRQYHUVLRQRI&2ZDVUHSRUWHGDORQJ
ZLWKWKHFKDQJHRIFKDQQHOOHQJWK7KHUHVXOWVZHUHVKRZQLQ)LJ±)LJDQGWKHPLQLPXPFKDQQHOOHQJWKFDQ
EHVXPPDUL]HGLQ7DEOH,WFDQEHVHHQWKDWLQHYHU\FDVHDWDOOWKUHHVSDFHWLPHVWKHFRQYHUVLRQRI&2EHFDPH
LQVLJQLILFDQWO\FKDQJHGDQGEHFDPHXQFKDQJHGDWDFHUWDLQOHQJWK7KXVWKHPLQLPXPOHQJWKRIDIORZFKDQQHOZDV
GHILQHGDVDOHQJWKZKHUHWKHFRQYHUVLRQRI&2ZDVGLIIHUHQWIURPWKDWDWPPQRPRUHWKDQ)RUWKHEDVH
FDVH PRGHO ZLWK D VSDFH WLPH RI  JFDWÂPLQ1ÂFP WKH PLQLPXP OHQJWK ZKHUH &2 FRQYHUVLRQ EHFDPH
LQVLJQLILFDQWFKDQJHGZDVDWPPDVVKRZQLQ)LJ7KLVZDVLQDJRRGDJUHHPHQWZLWK-HUPNZDQHWDO>@
ZKHUH WKH\ IRXQG DQRSWLPDO OHQJWKZKHQRSHUDWHG DW WKH VDPHRSHUDWLQJ FRQGLWLRQZLWK WKH VDPHGHVLJQRI WKH
UHDFWRUWREHDURXQGPP)URPRWKHUUHVXOWVLWFDQEHVHHQWKDWZKHQWKHUHDFWRURSHUDWHGDWORZVSDFHWLPH
 JFDWÂPLQ1ÂFP ELJJHU IORZ FKDQQHO UHTXLUHG ORQJHU IORZ FKDQQHO )RU WKH FDVH ZLWK WKH ELJJHVW FURVV
VHFWLRQDODUHDIORZFKDQQHORIPPîPPFDVH(&2FRQYHUVLRQEHFDPHLQVLJQLILFDQWFKDQJHGZHUHDW
  DQG  DW VSDFH WLPH RI   DQG  JFDWÂPLQ1ÂFP UHVSHFWLYHO\$V IRU VPDOOHU
FURVVVHFWLRQDODUHDIORZFKDQQHOPPîPPDQGPPîPPWKH\UHTXLUHGVKRUWHUFKDQQHO
OHQJWK DV FDQEH VHHQ WKDW WKHPLQLPXPFKDQQHO OHQJWKZHUH PPDQGPPDW D VSDFH WLPHRI 
JFDWÂPLQ1ÂFPZKLFKZDVVKRUWHUWKDQWKDWRIPPîPPUHDFWRU

)LJ(IIHFWRIFKDQQHOOHQJWKRQ&2FRQYHUVLRQRIEDVHFDVHRIDFDVH$EFDVH(
D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E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)LJ(IIHFWRIFKDQQHOOHQJWKRQ&2FRQYHUVLRQRIDFDVH)EFDVH*
7DEOH0LQLPXPOHQJWKRIPLFURFKDQQHOUHDFWRU
6SDFHWLPHJFDWÂPLQ1ÂFP 0LQLPXPOHQJWKPP
&DVH$ &DVH( &DVH) &DVH*
    
    
    
&RQFOXVLRQV
7KH FKDQQHO JHRPHWU\ RIPLFURFKDQQHO UHDFWRU SOD\V DQ LPSRUWDQW UROH RQ K\GURG\QDPLF RI IOXLGVZLWKLQ WKH
PLFURFKDQQHO UHDFWRU )URP WKH GHVLJQ SHUVSHFWLYH WKHUH DUH QR XQLYHUVDO WKUHVKROG PHWKRG 'HVLJQHUV KDYH WR
GHVLJQDUHDFWRUEDVHGRQDSSOLFDWLRQRIWKHGHYLFH,QDFWXDOGHVLJQSURFHVVQRWRQO\WKHFKDQQHOJHRPHWU\VKRXOG
EHFRQFHUQHGEXWDOVRIDEULFDWLRQWROHUDQFH7KHJHRPHWU\RIPLFURFKDQQHOVKRXOGEHVHOHFWHGLQDSSURSULDWHYDOXH
GHSHQGLQJRQWKHUHDFWLRQSHUIRUPDQFHDQGIDEULFDWLRQSRVVLELOLW\7KLVZRUNSURYLGHGDFRPSDUDWLYHVWXG\RIWKH
HIIHFWRIPLFURFKDQQHODVSHFWUDWLRDQGSHULPHWHURQ)76SHUIRUPDQFHEDVHGRQ&R5HȖ$O2FDWDO\VW
VSDFH WLPH LQ D UDQJH RI  ±  JFDWÂPLQ1ÂFP DQG5H\QROGV QXPEHU ORZHU WKDQ  7KH REWDLQHG&2
FRQYHUVLRQ RI EDVH FDVHPRGHOZLWK FKDQQHO GLPHQVLRQV RI PPî PPî PPZDV LQ D JRRG
DJUHHPHQWZLWK$OPHLGD HW DO >@7KHEDVH FDVHPRGHO JDYH RI&2FRQYHUVLRQ )URP WKH LQIOXHQFH RI
FKDQQHODVSHFWUDWLRWKHVLPXODWLRQUHVXOWVLQGLFDWHGWKDWWKHVKDOORZDQGZLGHFKDQQHOJDYHORZHUGLIIXVLRQWLPHIRU
GLIIXVLRQRIUHDFWDQWVIURPEXONSKDVHRQWRWKHFDWDO\WLFZDOO+RZHYHUWKHFKDQJHRIDVSHFWUDWLRLQGXFHGDOLWWOH
HIIHFWWRUHDFWLRQSHUIRUPDQFHLQWHUPRI&2FRQYHUVLRQ)RUWKHHIIHFWRIVTXDUHIORZFKDQQHOFURVVVHFWLRQDODUHD
LQYHVWLJDWLRQWKHFDWDO\VWORDGLQJZDVNHSWFRQVWDQW7KXVWKHVPDOOHUFURVVVHFWLRQDODUHDWKHORQJHUFKDQQHOOHQJWK
ZDVREWDLQHG7KHUHVXOWVDOVRVKRZHGWKDWPLFURFKDQQHOZLWK WKH ODUJHVWFURVVVHFWLRQDODUHDRIPPî
PPFDVH(JDYHQHJDWLYHHIIHFWRQ UHDFWLRQSHUIRUPDQFHFRPSDUHG WREDVHFDVHPRGHO0RUHRYHU WKHREWDLQHG
FKDQQHO OHQJWKDQGPLQLPXPOHQJWKZHUHQRW LQ WKHVDPHUDQJH7KHFKDQQHOZLWKVPDOOFURVVVHFWLRQDODUHDDQG
ORQJFKDQQHO OHQJWKFDVH*JDYHYHU\KLJK&2FRQYHUVLRQDQG¨3FRPSDUHWRRWKHUFDVHV7DNLQJLQWRDFFRXQW
IDEULFDWLRQSURFHVVKLJKIDEULFDWLRQFRVWPLJKWEHUHTXLUHGIRUYHU\VPDOOFKDQQHOVL]H)URPWKLVVWXG\LWVKRXOGEH
QRWHGWKDWGHVLJQHUVPLJKWFRPHXSZLWKJURXSVRIVWUXFWXUDOSDUDPHWHUV,QGHFLVLRQSURFHVVRSHUDWLRQDOGHVLJQDQG
PDQXIDFWXULQJUHVWULFWLRQVVKRXOGEHFRQVLGHUHGDVDGHVLJQLQJFULWHULD
$FNQRZOHGJHPHQWV
7KH DXWKRUV ZRXOG OLNH WR JUDWHIXOO\ DFNQRZOHGJH WKH*UDGXDWH &ROOHJH.0871% 7KDLODQG 5HVHDUFK )XQG
SURMHFW3+',55,DQG3775HVHDUFKDQG7HFKQRORJ\,QVWLWXWHIRULQVWUXPHQWDQGILQDQFLDOVXSSRUW
D E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